Regular evaluation of the pH of aspirated gastric juice is an important part of the routine prevention of the stress ulceration syndrome. This study has examined the use of commercially available pH paper for this purpose. Both clear buffer solutions and samples of gastric aspirate were used to assess the reliability of four products, Merck Universal pH Indicator strips (Art. 9535), Lyphan Universal pH Indicator paper, Whatman Wide Range pH paper and Macherey-Nagel Universal pH paper. The results show that the Merck strips and Lyphan paper are very reliable for measuring gastric aspirate pH and that intensive care nursing staff can make accurate observations when using these papers.
Prevention of the stress ulcer syndrome is now an achievable objective, although the method of prophylaxis that should be employed is controversial. It is universally agreed that whatever prophylactic method is used, it is important to monitor the success of therapy by regular estimation of the pH of aspirated gastric juice. I There are no studies in the literature examining how this may be achieved on a routine basis or what order of reliability can be expected from the techniques in current use.
A common criterion for therapeutic success, no matter how this is achieved, is to consistently maintain a pH of greater than 4.0 in the aspirated gastric juice. 2 This value is empiric, having been obtained by a mixture of animal experimentation and clinical experience but it is thought to be a good compromise between safety and the side-effects of too much antacid or H2-receptor antagonist.
A pH of 4.0 is indicated as "acid" if measured using ordinary litmus paper and papers that are capable of better resolution of pH are required to achieve sufficient accuracy of monitoring. With accuracy that allows differences of one pH unit to be detected consistently it is possible to titrate whatever prophylactic method is in use, and so use lower doses of prophylactic agent if appropriate. In some cases pH monitoring will be all that is required if the testing shows pH readings consistently above 4.0.
This study was designed to evaluate a number of commonly available laboratory indicator papers which can measure in the range of pH 1-7. The study was performed with the active co-operation of nursing staff under ordinary working conditions.
MATERIALS AND METHODS
Four different types of commercially available wide range pH testing paper were used. The pH of each buffer was checked with a digital pH meter (Townson Model 401) which had been calibrated using fresh commercial buffers and all were found to be within 0.02 pH units of the specified value.
The study was divided into two sections. In the first section sixteen groups of 10 nurses were used, some individuals being in more than one group. Each group of 10 used one pH paper to measure the pH of a single buffer solution. In this way each possible combination of four different buffers and four different test papers was tested by a group of 10 nurses. The total number of measurements in this section was therefore 160.
Each of the buffers was checked with the pH meter twice during the time of the tests to ensure that no drift had occurred in the pH due to repeated testing, but no significant changes were noted.
The staff were told that they could indicate an "0.5" value if the colour of the indicator strip appeared to be between two integer values of pH. All the readings were made in areas that were well lit, and sufficiently far away from the ward to prevent each knowing what results the others had found. A reading was termed "incorrect" if it varied by more than 0.5 pH units from the reference pH measured on the pH meter.
In the second section four samples of gastric juice of different colours were used and the same task asked of the nursing staff. In this case only the two pH papers which had performed best in the first study were used. Again ten nurses tried each possible combination of pH paper and gastric juice. This meant that eighty observations were made ih the second section of the study. The samples varied in colour from red-brown to white (mylanta treated patient). The same criterion as in the first study was used to decide what was an "incorrect" reading and the same testing conditions were used.
The pH of each of these samples was determined with the digital pH meter in the same fashion as described in the first study except that the approximate pH was not known before reading was done. The meter was calibrated to read commercial buffers of similar pH to within 0.02 pH units before the final readings were done.
Each of the specimens was checked for stability during the period of the experiments, and no significant change in pH was found.
The results of both studies were analysed using a microcomputer and a commercial program to derive chi-squared. In all cases the Yates correction was applied and p <0.05 was taken as the limit of significance.
RESULTS
In the first study it was found that of the four papers that were evaluated with the clear aqueous buffer solutions two were significantly better as the results in Table 1 show. The two multiple colour papers (Merck and Lyphan) performed better over the wide pH range studied. Both the single colour papers had major deficiencies in indicating the correct pH at pH 4. The only errors found with the multiple colour papers were in the range of pH 1 or less, where on two occasions in twenty observations the pH was underestimated by more than 1 pH unit. Statistically the number of readings which were incorrect by more than 0.5 pH units were significantly different when comparing multiple colour vs single colour papers (p <0.001) ( Table 1 ). For this reason it was decided that only the two multi-indicator strips would be used in the second part of the study.
In the second study the coloured and opaque gastric juice resulted in a reduction of the accuracy with which the pH could be read. The results are summarised in Table 2 . No statistically significant difference was demonstrated between the two multipleindicator papers being used. Of the eighty readings done by the nurses, none of the readings deviated from the actual pH by more than 1 pH unit, although some of the readings around pH 1 were incorrect by more than 0.5 of a pH unit.
Paper type
Merck Lyphan A significant statistical difference was also detected in the accuracy with which the nurses could measure pH when clear solutions were compared with gastric juice using the multiple indicator papers (p <0.01).
Anaesthesia and Intensive Care, Vol. 1 J, No. 2, May, 1983 DISCUSSION There were two main findings. The first was that intensive care nursing staff can reliably use commercially available pH indicating papers to estimate the pH of aspirated gastric juice. This is an important observation since it is accepted that the prevention of the stress ulcer syndrome is contingent on reliable control of this important parameter. The second finding was that the pH papers that used multiple indicators were significantly more reliable than the single indicator type.
Of the two multiple indicator systems evaluated in this study the authors prefer the Merck product for the following reasons. Firstly the indicators are on a strip similar to those used for urine testing and are not just presented as a roll of test paper. Secondly the Merck stick has four rather than three indicating panels which makes the likelihood of misreading the strip much less since usually two of the four remain the same colour no matter what the pH of the solution. These unchanged panels ensure that the strip is properly orientated while it is being read.
The third reason for preferring the Merck to the Lyphan product in this application is that one of the Lyphan paper's indicators is coloured white before use. In coloured solutions, such as gastric juice, this strip may stain to the colour of the solution and some users can be confused when trying to read the pH.
We do not propose to discuss here the role of intra-gastric pH in the stress ulceration syndrome, but we are aware that in some situations a false impression of safety may be given if consistently high pH values are found in aspirated gastric juice. These high pH values may only partially reflect the actual pH at the gastric mucosa. 3 This is a potentially significant problem, especially if antacids are used to regulate intragastric pH, since measuring the pH of antacid alone is possible and may be very misleading. An attempt to measure the pH of samples of gastric JUIce which are representative of the situation on the gastric mucosa should therefore be made. The best that can be done at present is to aspirate the stomach fully just before the next dose of antacid is due, mix the sample, and estimate the pH of the mixture. If H2-receptor antagonists are in use then there is likely to be less of a problem, the gastric JUIce being uncontaminated, and the measurements will probably be more reliable.
There is good evidence to suggest that maintaining a carefully measured intragastric pH above 4.0 will provide almost complete protection against stress bleeding and its complications. 4 The sensible and careful use of either of the two multiple indicator pH measuring systems to estimate intragastric pH on a second or fourth hourly basis to detect those patients at risk and to check on the efficacy of prophylactic measures is, we believe, mandatory for good patient care. We have shown that there is a cheap and reliable way to achieve this.
